In modeling the X-ray spectra of active galactic nuclei (AGNs), the inclination angle is a parameter that can play an important role in analyzing the X-ray spectra of AGN, but it has never been studied in detail. We present a broadband X-ray spectral analysis of the joint NuSTAR-XMM-Newton observations of 13 sources with [OIII] measured inclinations determined by Fischer et al. (2013) . By freezing the inclination angles at the [OIII] measured values when modeling the observations, the spectra are well fitted and the geometrical properties of the obscuring structure of the AGNs are slightly better constrained than those fitted when the inclination angles are left free to vary. We also test if one could freeze the inclinations at other specific angles in fitting the AGN X-ray spectra as commonly did in the literatures. We find that one should always let the inclination angle free to vary in modeling the X-ray spectra of AGNs, while fixing the inclination angle at [OIII] measured values and fixing the inclination angle at 60 • also present correct fits of the sources in our sample. Correlations between the covering factor and the average column density of the obscuring torus with respect to the Eddington ratio are also measured, suggesting that the distribution of the material in the obscuring torus is regulated by the Eddington ratio, which is in agreement with previous studies. In addition, no geometrical correlation is found between the narrow line region of the AGN and the obscuring torus, suggesting that the geometry might be more complex than what is assumed in the simplistic unified model.
INTRODUCTION
It is commonly accepted that the main structure of an active galactic nucleus (AGN) is composed of a supermassive black hole (SMBH; M BH ≈ 10 6−9.5 M ) at the center of the AGN, an accretion disk surrounding the SMBH, a subparsec-scale dust-free region known as the broad line region (BLR), where broad lines with fullwidth at half-maximum (FWHM) >2000 km s −1 are observed in optical, a parsec-scale toroidal structure composed of gas and dust obscuring the emission from the center engine of the AGN, and a broaden structure (∼10 pc to ∼1 kpc) namely the narrow line region (NLR; FWHM <1000 km s 1 ; see, e.g., Netzer 2015; Almeida & Ricci 2017; Hickox & Alexander 2018 , for recent reviews). AGNs are optically classified as type 1 or type 2 AGNs, if the broad-emission lines can be observed in their optical spectra or not. According to the AGN unified model (Antonucci 1993; Urry & Padovani 1995) , type 2 AGNs are the AGNs whose line-of-sight between the central engine and the observer passes the dusty toroidal structure and type 1 AGNs are those whose line-of-sight does not intercept the torus. Furthermore, the torus is also thought to play an important role in the co-evolution of the SMBH and the host galaxy (see, e.g., Kormendy & Ho 2013; Heckman & Best 2014) . Therefore, putting strong constraints on the physical and geometrical properties of the toroidal structure is essential to understand the basics of AGNs.
Observing the X-ray emission from AGNs is a powerful method to probe their obscuring toroidal structure. The intrinsic X-ray emission produced by the central engine of the AGN is reprocessed by the obscuring torus: studying this reprocessed X-ray emission can then provide abundant of information about the properties of the torus. One of the ubiquitous signatures of this reprocessed component is the fluorescent Fe Kα line at 6.4 keV, originating from the outer side of the accretion disk or the inner edge of the torus (see, e.g., Fabian et al. 2000; Reynolds & Nowak 2003; Yaqoob & Padmanabhan 2004 , for reviews), which could provide significant information on both the physics and dynamics of the circumnuclear materials (Leahy & Creighton 1993; Reynolds 1999; Matt 2002; Shu et al. 2010; Ricci et al. 2014) . XMM-Newton is the best instrument to study such a signature in terms of both effective area between 0.3 keV to 10 keV and spectral resolution. Indeed, many studies have been done on the properties of the torus utilizing XMM-Newton (e.g., Georgantopoulos et al. 2013; LaMassa et al. 2014 ). Another spectral signature of the reprocessed component, which is particularly prominent in heavily obscured AGN (i.e., sources with column density N H ≥ 10 24 cm −2 ), is the so called "Compton hump" peaked at 10-40 keV (see, e.g., Ghisellini et al. 1994; Krolik et al. 1994) . Thus the proper characterization of heavily obscured AGNs, which are thought to be ∼20-30% of all AGNs according to different CXB synthesis models predictions (Alexander et al. 2003; Gandhi & Fabian 2003; Gilli et al. 2007; Treister et al. 2009; Ueda et al. 2014; Ananna et al. 2019) , requires an X-ray telescope sensitive above 10 keV. The launch of the Nuclear Spectroscopic Telescope Array (hereafter, NuSTAR, Harrison et al. 2013) , which is the first instrument to focus on X-ray at energy >10 keV and provides a two orders of magnitude better sensitivity than previous telescopes (e.g., INTEGRAL and Swift-BAT; Winkler et al. 2003; Barthelmy et al. 2005) at ∼10-50 keV, allowed us to characterize the physical properties of heavily obscured AGNs with unprecedented accuracy (e.g., Baloković et al. 2014; Puccetti et al. 2014; Annuar et al. 2015; Ursini et al. 2015; Koss et al. 2016; Marchesi et al. 2017; Ursini et al. 2018) . Therefore, the combination of NuSTAR and XMM-Newton is one of the best methods to study the properties of an heterogeneous AGN population in the local universe (see, e.g., Marinucci et al. 2014; Fürst et al. 2016; Ursini et al. 2016; La Caria et al. 2019; Marchesi et al. 2019; Walton et al. 2019; Zhao et al. 2019a,b) .
In recent years, several tori models based on Monte Carlo simulation have been developed to characterize the X-ray spectra of AGNs (Matt & Fabian 1994; Ikeda et al. 2009; Murphy & Yaqoob 2009; Brightman & Nandra 2011; Paltani, S. & Ricci, C. 2017; Baloković et al. 2018; Tanimoto et al. 2019) . Different models adopt different assumptions on the geometry of the torus, e.g., Murphy & Yaqoob (2009) Given the intrinsic complexity of these models and the multiple free parameters involved, applying them in full capability is still difficult especially with low-quality X-ray spectra: in particular, the inclination angle of the AGN is hard to constrain. Thus it is common to freeze θ obs in the spectral analysis process (see, e.g., Yaqoob 2012; Kawamuro et al. 2013; Brightman et al. 2015; Yaqoob et al. 2015; Koss et al. 2015 Koss et al. , 2016 Ricci et al. 2016; Gandhi et al. 2017; Marchesi et al. 2018 ). However, the validity of the method of freezing the inclination angle has not yet been studied in a systematic way. The studies on the NLRs of AGNs can provide us with a method to overcome this issue by measuring the inclinations of the AGNs by mapping the kinematics of their NLRs. Fischer et al. (2013) successfully measured the inclinations of the NRLs and thus the torus with respect to our line-of-sight in 17 AGNs by fitting the radial outflow dominated NLR kinematics resolved by Hubble Space Telescope (HST) [OIII] imaging and Space Telescope Imaging Spectrograph (STIS) with a biconical outflow model.
In this work, we study the role of inclination angle in fitting the AGN X-ray spectra by comparing the bestfit results obtained when the broad X-ray spectra of the sources in the sample of Fischer et al. (2013) are fitted with the inclination angle being (i) left free to vary, (ii) fixed at [OIII] measured values, (iii) fixed at 60 • and (iv) fixed at 87 • . The paper is organized as follows: in Section 2 , we report the sample selection rules and the NuSTAR, XMM-Newton and Chandra data reduction process; in Section 3, we describe the model used to fit the broadband X-ray spectra, the fitting procedure and best-fit results of each source in our sample; in Section 4, we discuss how fixing the inclination angle affects the broadband Xray spectral analysis of AGNs and study the geometrical properties of the AGNs in both X-ray and optical. All reported uncertainties on spectral parameters are at 90% confidence level. Standard cosmological parameters are adopted as follows: < H 0 > = 70 km s −1 Mpc −1 , < q 0 > = 0.0 and < Ω Λ > = 0.73.
SAMPLE SELECTION AND DATA REDUCTION

Selection Rule
To better constrain and properly study the physical and geometrical properties of AGNs, we utilize the sample reported in Fischer et al. (2013) , who measured the nuclear inclinations of 17 nearby AGNs (z < 0.1) in optical. In these 17 AGNs, 15 sources have high-quality NuSTAR archival data (the 2 sources without NuSTAR archival data are Mrk 279 and NGC 1667). All 15 sources also have XMM-Newton archival observations: for 6 of these 15 sources, the NuSTAR and XMM-Newton observations were took simultaneously. We also supplement Chandra data for three sources, i.e., Mrk 34, Mrk 78 and Mrk 1066, of which the XMM-Newton spectra is not in high-quality. The summary of the observations is reported in Table 1 .
It is worth mentioning that 2 sources in the Fischer et al. (2013) sample are excluded in our analysis, which are Circinus and NGC 1068. The Circinus AGN X-ray spectra has been shown to be contaminated by two bright off-nuclear X-ray sources, the X-ray binary CGX1 and the supernova remnant CGX2 (Bauer et al. 2001 ). Furthermore, Arévalo et al. (2014) showed that the contamination from CGX1 and CGX2 contributes to 18% of the nuclear flux in the Iron line region and becomes comparable to the nuclear flux at energy >30 keV. The offnuclear sources can be resolved by XMM-Newton, but not by NuSTAR. Therefore, Circinus is excluded from our sample due to the fact we do not have the ability to extract the AGN broadband X-ray spectrum of Circinus without any contamination. Furthermore, NGC 1068 is also excluded from our final sample, since we find that it is difficult to fit both NuSTAR and XMM-Newton spectra properly with the standard model presented in Section 3.1. Indeed, Bauer et al. (2015) suggests a best-fit model of three reprocessed components with distinct column densities, rather than the single reprocessed component used in our analysis. Therefore, 13 sources are analyzed as our finalized sample in the rest of the work.
Data Reduction
NuSTAR
For NuSTAR data, the raw files are calibrated, cleaned and screened using the NuSTAR nupipeline script version 0.4.6 and calibration database (CALDB) version 20181030. The sources spectra, ancillary response files (ARF) and response matrix files (RMF) are obtained using the nuproducts script version 0.3.0. The sources spectra are extracted from a 75 circular region, unless otherwise indicated, corresponding to ≈80% of the encircled energy fraction (EEF) at 10 keV, centered on the source. The background spectra are extracted using a 75 circular region near the source but avoiding contamination from it.
XMM-Newton
The XMM-Newton observations are taken with two MOS cameras (Turner et al. 2001 ) and the EPIC CCD cameras (pn; Strüder et al. 2001) . The XMM-Newton data are reduced using the Science Analysis System (SAS; Jansen et al. 2001) version 17.0.0 following standard procedures. The source spectra are extracted from a circular region with radius of 15 (corresponding to ≈70% of the EEF at 1.5 keV) or 30 (corresponding to ≈85% of the EEF at 1.5 keV), based on which spectra has higher signal to noise ratio (SNR); the background spectra are extracted from a circle nearby the source with the same radius as the source spectra but avoiding contamination from sources. ARF and RMF files are produced using the tasks arfgen and rmfgen.
Chandra
Archived Chandra ACIS-S observations are used for three sources (Mrk 34, Mrk 78 and Mrk 1066) which have low-quality XMM-Newton data because of their short exposure time and low observing luminosity in soft X-ray band. We reduced the Chandra data using the Chandra's data analysis system, CIAO software package (Fruscione et al. 2006 ) version 4.11 and Chandra CALDB version 4.8.2. The level = 1 data are reprocessed as suggested to apply updated calibrations as suggested using the CIAO chandra repro script. The source spectrum is extracted from a circular region centered at the source with a ra-dius of 5 ; background spectrum is extracted from a circular region near the source with a radius of 10 . The CIAO specextract tool is used to extract both source and background spectra, ARF and RMF files following standard procedures.
The NuSTAR, XMM-Newton and Chandra spectra are rebinned with a minimum of 20 counts per bin using the HEAsoft task grppha.
SPECTRAL ANALYSIS AND RESULTS
The spectral are fitted using the XSPEC software (Arnaud 1996) version 12.10.0c. The photoelectric cross section for the absorption component is from Verner et al. (1996) ; the element abundance is from Anders & Grevesse (1989) and the metal abundance is fixed to Solar; the Galactic absorption column density is obtained using the nh task (Kalberla et al. 2005) in HEAsoft for each source. The redshift of each source is adopted from NED 6 . In this work, the spectra are analyzed using the self-consistent borus02 model , which is suitable to characterize AGNs with high-quality broadband X-ray spectra.
Spectral Modeling
The recently published Monte Carlo radiative transfer code BORUS (Baloković 2017) has already widely used to model the reprocessed component of AGN spectra (e.g., Boorman et al. 2018; La Caria et al. 2019; Kammoun et al. 2019; Li et al. 2019; Masini et al. 2019; Marchesi et al. 2019 ); see also the borus02 website 7 for more de-4 tails. The complete model used in fitting the spectra is composed of four parts:
1. An absorbed intrinsic continuum, described by a cut-off power-law, denoted by cutoffpl in XSPEC, multiplied by a obscuring component, considering both the photoelectric absorption (zphabs) and the Compton scattering (cabs) effects.
2. A reprocessed component produced by the obscuring material near the center of the AGN, including the scattered component and fluorescent lines, characterized by borus02.
3.
A second, leaked unabsorbed intrinsic continuum, modeling the fractional AGN emission which is deflected, rather than absorbed by the obscuring material. Mewe et al. 1985) , modeling the soft excess observed below 1 keV, potentially describing the emission caused by the processes other than AGN, such as starformation and/or diffuse gas emission.
A thermal component, namely mekal (
The reprocessed component, borus02 8 assumes a sphere with conical cutouts at both poles , approximating a torus with an opening angle which can vary in the range of θ Tor = [0-84] • , corresponding to a torus covering factor, c f = cos(θ Tor ) = [1-0.1]. Another parameter in the reprocessed component is the inclination angle, which is the angle between the axis of the AGN and the observer line-of-sight, θ inc = [18-87] • , where θ obs = 0 • is when the AGN is observed "face-on" and θ obs = 87 • is observed "edge-on". Another parameter, the relative iron abundance of the reprocessed component, A Fe , is fixed to 1 (i.e., the iron abundance in solar, A Fe, ), unless a much better result is obtained leaving the parameter free to vary. We plot the spectra of the borus02 (Baloković et al. 2018) model prediction when varying different parameters in Appendix A to illustrate how the spectra of the reprocessed component vary with different parameters, i.e., θ obs , θ Tor , θ Tor and A Fe . Evidence in Infrared and X-ray observations have shown that the torus is clumpy rather than having an uniform density (e.g., Krolik & Begelman 1988; Risaliti et al. 2002; Nenkova et al. 2008; Almeida et al. 2009; Markowitz et al. 2014) . Therefore, the column density of the obscuring torus in the reprocessed component is decoupled from the one in the absorbed intrinsic continuum in our modeling to approximate the clumpy nature of the obscuring torus. In this scenario, the column density of the reprocessed component is an average property of the clumpy torus while the column density of the absorbed intrinsic continuum represents a line-of-sight quantity.
In the process of modeling the spectra, the photon index, Γ, the cut-off energy, E cut and the normalization, norm, of the intrinsic continuum, the reprocessed component and the fractional unabsorbed continuum are tied together, assuming that the three component have the same origin. The cut-off energy is fixed at E cut = 500 keV, unless a much better result is obtained leaving the parameter free to vary. The fractional unabsorbed continuum is usually less than 5-10% of the intrinsic continuum (see, e.g., Noguchi et al. 2010; Marchesi et al. 2018) . We denote this fraction as f s , and we model it with a constant (constant 2 ). Finally, the temperature and the relative metal abundance in mekal are both left free to vary. Lines are added if strong emission lines are found in the spectra using zgauss model in XSPEC.
The borus02 model is used in the following XSPEC configuration:
where constant 1 is the cross-calibration between NuS-TAR and XMM-Newton (separate cross-calibration constants are applied if Chandra data are used); phabs models the Galactic absorption.
Results
We fit the spectra twice at first: letting the inclination angle free to vary when fitting the spectra and fixing the inclination angle at the values reported in Fischer et al. (2013) . The best-fit results are reported in Table 2 and  Table 3 . Furthermore, to extend our analysis on the role of inclination angle in the spectral analysis, we also fit the spectra by fixing the inclination at some specific angles, i.e., θ inc = 60 • or cos(θ inc ) = 0.5 (i.e., the opening angle of the torus in MYTorus model Murphy & Yaqoob 2009), and fixing inclination at θ inc = 87 • (the maximum angle in borus02 model) representing an "edge-on" scenario, which is commonly used when analyzing heavily obscured AGN spectra (see, e.g., Brightman & Nandra 2011; Koss et al. 2015; Ricci et al. 2016; Marchesi et al. 2018; Zappacosta et al. 2018) , although not all of the sources in our sample are heavily obscured. The best-fit results of the two scenarios are also reported in Table 2 and Table 3 . The details of fitting procedure of each source and best-fit results of the 13 sources fitted when the inclination angles are left free to vary are reported in Appendix C. The unfolded spectra and the model predictions of each source when fitted leaving the inclination angle free to vary are plotted in Appendix C as well.
6 out of 13 sources in our sample have been observed displaying strong variability between their soft X-ray observations and NuSTAR observations. The observed variability is commonly explained by either the variation of the accretion rate of the SMBH or the variation in the so-called corona when the fluctuation of intrinsic emission of the AGN is observed, i.e., the shape of the spectrum does not change while the normalization of the intrinsic power-law varies (Nandra 2001), or the change in the absorption column density along the lineof-sight when the shape of the spectra varies (see, e.g., Risaliti et al. 2002; Bianchi et al. 2012 ), or both. To properly characterize the spectra of these sources, we fit them three times: 1. disentangling the normalization of the intrinsic cut-off power law, norm, of the soft X-ray observatories observations and the NuSTAR observations, modeling the flux variability caused by the intrinsic emission variation; 2. disentangling the lineof-sight column densities of the soft X-ray observations, N H,los,soft and NuSTAR observations, N H,los,NuS , model- ing the flux variability results from the line-of-sight column density variability; 3. disentangling both the norm and N H,los between the soft X-ray observations and the NuSTAR observations, assuming the flux variability is caused by both the intrinsic emission variation and lineof-sight column density variability. Here, we treat the reprocessed emission as an invariable component during the two observations, assuming a stable structure and constant global properties of the obscuring torus.
The decoupling line-of-sight column density and the torus average column density applied to fit the spectra in this work is commonly used to approximate the nonuniform (clumpy) torus. To interpret the obtained results, we separate the sources in three categories. 3. Obscured AGNs with their line-of-sight intercepting the torus but the line-of-sight column density is significantly different from the torus average column density (|∆log(N H )| 1), e.g., NGC 3227, NGC 4051, NGC 4151 and NGC 5506. This result shows that we are currently looking through either an overdense or underdense region in their non-uniform tori, and this could be changing with time (see, e.g., Risaliti et al. 2005) .
DISCUSSION
Thanks to the borus02 model and the [OIII] measured inclination, we are able to properly study the role of inclination angle in analyzing the AGN spectra: the bestfit results of 13 sources when fitted with different scenarios of applying the inclination angle are reported in Section 3. In the rest of the work, we discuss how varying the inclination angle affects the measurement of the other spectral parameters (Section 4.1, Section 4.2 and Section 4.3), the correlations between the covering factor of the obscuring torus and other AGN properties (Section 4.4), and study the geometrical properties of the AGNs in both X-ray and optical (Section 4.5).
Fixing the Torus Inclination Angle at θ inc,[OIII]
We compare the best-fit results of different spectral parameters (i.e., χ 2 /d.o.f., Γ, N H,l.o.s , N H,tor , c f,tor and θ inc ), computed either leaving the inclination angle free to vary or using the [OIII] measured values, θ inc, [OIII] , reported in Fischer et al. (2013) . The best-fit results Table 2 and Table 3 . We compare the best-fit c f,tor and N H,tor computed in two methods in Fig. 2 . The above comparison is also plotted as an histogram in Figure 1 for better readability.
• The inclination angles of 3 sources in our sample (Mrk 34, Mrk 573 and Mrk 1066) are fully unconstrained when inclination angle is left free to vary in fitting the spectra due to the poor quality (d.o.f ≤200) of the data. The best-fit inclination angles measured in X-ray do not always match the inclination angles measured in optical using [OIII], e.g., we found 6 sources of which the differences between the two inclination angles is ∆θ inc >20 • .
• In spite of large ∆θ inc found in some sources, the best-fit results of the other key parameters, e.g., N H,l.o.s , N H,tor and c f,tor are in good agreement with each other within the uncertainties.
• The goodness of the spectral fits shows no improvement or only a marginal improvement when inclination angle is left free to vary in fitting the spectra. The sources with most improved fit statitics in our sample is NGC 3783, which improves from χ 2 /d.o.f = 3367/2930 when fixing the inclination angle at the [OIII] measured inclination to χ 2 /d.o.f = 3349/2929 when letting the inclination free to vary.
• A minor improvement on constraining the spectral parameters are found when fixing the θ inc at [OIII] measured value. The average uncertainties on each parameters are reported in Table 4 .
The above results suggest that: 1. the inclination angle measured in the optical band using [OIII] can be used in the X-ray spectral analysis of AGNs, since it provides similar best-fit results to those obtained when inclination angle is left free to vary when fitting the spectra considering uncertainties; 2. in some sources, significant different inclination angles measured in the optical compared to those derived from the X-ray spectra are found, but the other fitted parameters, as well as the best-fit statistic, are only marginally affected by this variation, suggesting that we do not have enough power to constrain the inclination angle of these sources even with high-quality broadband X-ray data. 
4.2.
Fixing the Torus Inclination Angle at θ inc = 60 • Following the method in Section 4.1, we compare the best-fit results obtained when leaving the inclination angle free to vary with the best-fit results computed when fixing the inclination at some specific angles, e.g., θ inc = 60 • . The best-fit results when the sources are fitted with θ inc = 60 • is reported in Table 2 and Table 3 . The comparison of c f,tor and N H,tor between the two scenarios are plotted in Figure 2 . The above comparison is also plotted as a histogram in Figure 1 for better readability.
We find that the differences of the best-fit results of different parameters between when θ inc = 60 • and when leaving θ inc free to vary are marginal, e.g., the average differences are ∼1% for Γ, ∼2% for N H,l.o.s , ∼5% for N H,tor and 2% for c f,tor . We measure a similar average goodness of fitting in the two scenarios as reported in Table 4 . Only marginal improvements are found in the fits of most sources when inclination angle is left free to vary in fitting the spectra than the inclination angle is fixed at θ inc = 60 • , except for NGC 4051, whose fit improves from χ 2 /d.o.f = 2739/2391 to χ 2 /d.o.f = 2686/2390 after letting the inclination free to vary. Fixing the inclination angle at θ inc = 60 • provides similar constraints on fitting which are consistent with those obtained when fixing θ inc at [OIII] measured values.
Although, according to our spectral fits, fixing the inclination angle at θ inc = 60 • provides similar goodness of fits and similar other key properties to those when θ inc is left free to vary, this results may be biased by the sample that we have selected, since 9 out of 13 sources in our sample have a θ inc ∼60 • . Indeed, we find that fixing the inclination angle at θ inc = 60 • does not reproduce the N H,tor and other key parameters measured when θ inc is left free to vary in some heavily obscured sources out of our sample, e.g., we reanalyze the spectra of a Compton thick (CT-) AGN, NGC 1358, and the best-fit N H,tor and c f,tor obtained when fixing the inclination angle at θ inc = 60 • is about 5 times lager than those obtained when the inclination is left free to vary as reported in Zhao et al. (2019b) , which measured a best-fit inclination angle of θ inc,NGC1358 ≈87 • . 4.3. Fixing the Torus Inclination Angle at θ inc = 87 • We also fit the spectra when fixing the inclination angle at θ inc = 87 • . The differences of the best-fit results of Γ and N H,l.o.s between obtained when θ inc = 87 • and when leaving θ inc free to vary are marginal, e.g., the average differences are ∼2% for Γ, ∼9% for N H,l.o.s . However, the measurement of N H,tor when θ inc = 87 • , especially for some sources with CT torus (i.e., log(N H,tor ) 24), are considerably different (the average difference is ∼30%) from those obtained when θ inc is left free to vary. The discrepancy of c f,tor between the two cases is large as well, e.g., the average difference is 22%. However, unlike the N H,tor case where the measurements of higher N H,tor tend to a lower value, such trend is not found in c f,tor . Notably, ∼30% of the sources in our sample are measured with best-fit photon indices stuck at Γ ∼1.4, which is the lower limit of the parameter in borus02 model. Such a result can be explained by the fact that a flatter Γ is needed to compensate the change of the spectral shape caused by the unrealistic measurement of c f,tor and N H,tor . It is worth noting that fixing the inclination angle at θ inc = 87 • leads to significant different bestfit torus covering factor and torus column density than when the inclination angle is left free to vary even when fitting the CT-AGNs, which are plot in red in Fig. 2 .
To illustrate the torus column density bias mentioned above, we take NGC 5643 as an example. The source is a CT-AGN and the spectrum of the source is dominated by reprocessed component. We plot the spectra and different components of the model predictions of NGC 5643 with inclination angle being fixed at θ inc = 87 • and being left free to vary in Fig. 3 . The best-fit inclination angle measured for NGC 5643 is θ inc ∼59 • . When the inclination is left free to vary, the spectra above 2 keV are dominated by the reprocessed component and the measured best-fit torus column density is log(N H,tor,free ) ∼24.15. However, when the inclination angle is fixed at θ inc = 87 • , the best-fit torus column density is measured as log(N H,tor,free ) ∼23.44. Such result can be understood by looking at the bottom left panel of Fig. 3 , where we plot the borus02 model prediction of the re- processed component when the inclination angles are θ inc = 60 • and θ inc = 87 • and the torus column densities are log(N H,tor,free ) = 24 and log(N H,tor,free ) = 25. When the inclination moves from θ inc = 60 • to θ inc = 87 • , the spectra are suppressed significantly and nonlinearly: the spectra with energy below ∼20 keV are much affected. Therefore, the torus column density decreases to compensate this reduction, which better describes the energy between ∼5 keV to ∼20 keV. The discrepancy of the spectra in other energy bands thus needs other components to make up, e.g., the line-of-sight component contributes more to the spectra at energy >20 keV by decreasing the line-of-sight column density and the scattering component dominates the spectra at energy below ∼4 keV by artificially increasing f s .
The discrepancy of c f,tor , however, is more complex due to the fact that the reprocessed component is energy dependent with respect to c f,tor , as plotted in the bottom right panel of Figure 3 , which plots the spectra of reprocessed component with different combinations of θ inc and c f,tor . For more information about the reprocessed component of the borus02 model, we plot the borus02 model predictions with varying different parameters in Appendix A.
Fixing the inclination angle at θ inc = 87 • puts the strongest constraint on the parameters, e.g., N H,l.o.s and N H,tor , among other cases. Such a results is caused by the fact that by fixing the inclination angle at θ inc = 87 • , the change in other parameters will lead to large variation on the spectrum: for example, in figure 3, we find that the spectral shape variation is much larger for θ inc = 87 • than for θ inc = 60 • when N H,tor varies, thus, the uncertainty of N H,tor is much less when using θ inc = 87 • than using θ inc = 60 • . However, the c f,tor -related spectral variation is energy dependent in both θ inc = 87 • and θ inc = 60 • cases, therefore the average uncertainties of c f,tor are similar in the two cases.
Distribution of the obscuring material
In Section 4.1, Section 4.2 and Section 4.3, we discussed how varying the inclination angle affects the measurement of the other spectral parameters of AGNs. Thanks to the flexible and powerful borus02 model, we could explore a larger parameter space in modeling the spectrum of AGN, e.g., we could now directly measure the average column density and the covering factor of the obscuring torus in AGN. Therefore, in this section, we focus on the correlations among different physical and geometrical properties of the sources in our sample.
A corner plot is drawn in Fig. 4 to explore the correlation among different parameters, i.e., line-ofsight column density, log(N H,l.o.s ), torus column density, log(N H,tor ), torus covering factor, c f , 2-10 keV intrinsic luminosity, L int,2−10 , and Eddington ratio 9 , λ Edd . Kendalls tau tests are performed for each pair of parameters and are labeled in each subplot. The best-fit values used are obtained when the inclination angle is left free 9 The Eddington ratio is calculated by λ Edd ≡ L bol /L Edd , where L bol is the bolometric luminosity. Bolometric luminosity is calculated by L bol = κ L int,2−10 , assuming a bolometric correction κ = 20 (Vasudevan et al. 2010) . Eddington luminosity is calculated as L Edd = 4πGM BH mpc/σ T , where M BH is the mass of SMBH and mp is the mass of proton.
to vary in fitting the spectra. We also plot the inclination angle as functions of other properties in Appendix B to explore the correlation between the inclination angle and other properties of the sources.
• We find no correlation between the measured AGN inclination angle and the other physical and geometrical properties of the AGN as show in Fig. 8 . Such a result is reasonable since the sources are randomly observed and the properties of the sources should not be related to the angle at which they are observed.
• We find no correlations between intrinsic luminosity and torus column density (p = 0.68), torus column density and line-of-sight column density (p = 0.31), intrinsic luminosity and line-of-sight column density (p = 0.25), Eddington ratio and 2-10 keV intrinsic luminosity (p = 0.25) and torus covering factor and torus column density (p = 0.22).
• We find a correlation with confidence level ∼ 2.9 σ between the line-of-sight column density and Eddington ratio (p = 0.004), i.e., as the line-of-sight column density increases, the Eddington ratio also increases. We also find an inverse correlation with confidence level ∼ 2 σ between the line-of-sight column density and torus covering factor (p = 0.05), i.e., as the line-of-sight column density increases, the torus covering factor decreases. However, such trends are less evident if we exclude the sources which have been observed to be variable due to the shift of line-of-sight column density, which are marked as gray in Figure 4 from our analysis: the p values become p = 0.07 for line-of-sight column density and Eddington ratio and p = 0.22 for lineof-sight column density and torus covering factor. Therefore, we are not able confirm the correlation found between line-of-sight column density and Eddington ratio and the inverse correlation between the line-of-sight column density and torus covering factor.
• We find a correlation with confidence level ∼ 2.6 σ between the 2-10 keV intrinsic luminosity and the torus covering factor (p = 0.01), i.e., as the intrinsic luminosity increases, the torus covering factor decreases. Such a trend has been reported in many previous works with larger samples and higher statistical accuracy in different redshift range (e.g., Lawrence & Elvis 1982; Hasinger, G. 2008; Ueda et al. 2014) . The covering factor of the torus in these works is derived from the X-ray hardness ratio or the fraction of the obscured Compton thin sources (22≤log(N H )≤24) in these works. Similar trend has also been found by Baloković (2017) , which measured the individual torus covering factors and their intrinsic luminosities as in this work.
• We find an inverse correlation with confidence level ∼ 3 σ between the Eddington ratio and torus covering factor (p = 0.003), i.e., as the Eddington ratio of the AGN increases, the covering factor of the obscuring torus decreases. We also find a correlation with confidence level ∼ 2.6 σ between the Eddington ratio and torus column density (p = 0.01), i.e., as the Eddington ratio of the AGN increases, the average column density of the obscuring torus decreases. Such results are in good agreement with those reported in Ricci et al. (2017) , who found that the torus covering factor and the torus average column density strongly depends on the Eddington ratio of the AGN using a larger BAT selected sample of 392 AGNs. The dependence of torus covering factor and torus average column density on the Eddington ratio can be explained assuming that the distribution of the circumnuclear material around the SMBH is mainly regulated by the radiative feedback: as the accretion rate increases, the radiation pressure from the accretion disk blows the less dense (log(N H ) ≤24) materials away and leaves only the CT materials, thus decreasing the torus covering factor and increasing the torus average column density (Fabian et al. 2006 (Fabian et al. , 2009 Ricci et al. 2017) . We point out that in Ricci et al. (2017) , the covering factors are indirectly measured, using are the fraction of obscured (22 ≤log(N H )) AGNs with respect to all AGNs with 20 ≤log(N H ) in their sample. To better visualize the above correlations, we display the best-fit torus covering factors as a function of their measured Eddington ratio and the best-fit torus column density as a function of their measured Eddington ratio separately in Fig. 5 The fact that no correlation is found between 2-10 keV intrinsic luminosity and torus average column density, together with the correlations found between torus covering factor and torus average column density with respect to the Eddington ratio, suggests that the distribution of the obscuring materials surrounding the SMBH of the AGNs in our sample is mainly regulated by the Eddington ratio rather than the intrinsic luminosity, which is in agreement with what is found in Ricci et al. (2017) . Nevertheless, the exploration of the distribution of the materials in the obscuring torus in AGN needs to be further studied in a larger unbiased sample with highquality spectra.
4.5. Geometrical properties of torus and NLR According to the unified model, the dusty torus obscures the radiation from the center engine of the AGN, and is therefore thought to form the biconical shape of the NLR or the ionization cone (Malkan et al. 1998) . Fischer et al. (2013) report the opening angle of the outer edge of the NLR obtained by modeling the kinematics of the sources' NLR observed with the Hubble Space Telescope (HST) and the Space Telescope Imaging Spectrograph (STIS). In this section, we explore the relation between the geometrical properties of the AGNs in our sample measured in optical and measured in X-ray.
In Figure 6 , we plot the covering factor of the region excluding the NLR measured in optical, i.e., 1-c f,NLR , as a function of the covering factor of the torus measured in X-ray, i.e., c f,Tor . We find that: 1. there is no correlation between c f,tor and 1-c f,NLR (τ = 0.18 and p = 0.42); 2. while c f,Tor span all values from 0.1 to 1, c f,NLR does not (i.e., c f,NLR < 0.5). However, our results may be biased by the fact that: borus02 assumes a uniformly distributed obscuring material scenario, therefore the c f,Tor measured in borus02 is the effective fraction of the sky that is covered by the obscuring material, which thus gives the lower limit of the realistic clumpy c f,Tor ; the optical emission associated with the NLR measured by Fischer et al. (2013) may contain the emission from star formation process, which might lead to inaccurate measurement of the geometry of the NLR. Therefore, further studies with larger sample of AGNs with multiwavelength datasets are needed to understand the geometrical properties of different components of the AGN.
CONCLUSION
We performed a broadband X-ray spectral analysis on a sample of AGNs selected from Fischer et al. (2013) Figure 6 . Relationship between the covering factor of the region excluding the NLR, i.e., 1 − c f,NLR , with respect to the covering factor of the torus, i.e., c f,Tor . The gray solid line represents the 1:1 result.
-(NLR covering factor)
NuSTAR, XMM-Newton and Chandra archival data. To model the spectra, we utilized the recently published selfconsistent borus02 model, which is effective in characterizing the physical and geometrical properties of the obscuring materials near the SMBH. The main findings of this work are reported as follows.
• The best-fit values of the spectral parameters obtained when the sources are fitted with the inclination angle being fixed at the [OIII] measured values are similar to those obtained when inclination angle is left free to vary. Fixing the inclination angle at θ inc = 60 • also gives similar spectral fit results, but incorrect fit results may be obtained for some CT sources out of our sample; fixing the inclination angle at θ inc = 87 • leads to significant different measurements of the torus covering factor and the torus column density even for CT-AGNs, but gives the best constraints on different parameters.
• In AGN X-ray spectral analysis, one should always let the inclination angle free to vary. If one intends to better constrain the properties of sources when fitting low quality X-ray spectra (i.e., ≤300 d.o.f), one should fit the spectra by letting θ inc free to vary at first, then fix θ inc at some reasonable values, e.g., θ inc = 60 • or [OIII] measured values.
Comparing the best-fit results of the two methods: only when the best-fit values of all parameters fitted when fixing the θ inc are in good agreement with those obtained when letting θ inc free to vary in fitting the spectra, one could fix θ inc at those values, otherwise, fixing θ inc at some preferred values should always be avoided and θ inc should be left free to vary in fitting these spectra.
• The properties of AGNs in our sample are not dependent on the direction at which they are observed, i.e., the inclination angle.
• We confirm a strong inverse correlation between the torus covering factor and the Eddington ratio, and a correlation between the torus average column density and the Eddington ratio measured in the sources of our sample, which is in good agreement with the radiative feedback model. We also find an inverse correlation between the torus covering factor and the 2-10 keV intrinsic luminosity, which has also been measured in previous works. However, we do not find any correlation between the torus average column density and the 2-10 keV intrinsic luminosity, suggesting that the distribution of the materials in the obscuring torus are regulated by the Eddington ratio rather than the intrinsic luminosity.
• We found no geometrical correlation between the two components of AGN, i.e., obscuring torus and NLR: the torus covering factors span all values, while the covering factors of NLR do not. The ability to robustly measure the covering factor of the torus in the X-ray band is currently limited by the data quality, sample size, and the lack of sufficiently realistic spectral model, which we expect to improve in future work. However, this result already suggests that AGN geometry might be more complex than what is assumed in the simplistic unified model of AGN.
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B. DEPENDENCE OF THE PROPERTIES OF AGNS ON THEIR INCLINATIONS
We plot the best-fit inclination angle of the 13 sources in our sample as functions of their line-of-sight column density, torus covering factor, torus column density, Eddington ratio, 2-10 keV intrinsic luminosity in Figure 8 . The tau and p values for each pair of properties are calculated and reported in each subplot. We find no correlation between the measured inclination angle of AGN and the other physical and geometrical properties of AGNs. Figure 9 . Unfolded NuSTAR, XMM-Newton and Chandra spectra of different sources fitted with borus02 model when the inclination angle is left free to vary and the residuals between the data and best-fit predictions of the model. The NuSTAR data are plotted in blue, the XMM-Newton data are plotted in red and the Chandra data are plotted in green. The best-fit model prediction is plotted as cyan solid lines. The single components of the model are plotted in black with different line styles, i.e., the absorbed intrinsic continuum with solid lines, the reflection component with dashed lines, the scattered component, the mekal component and emission lines with dotted lines. Figure 10 . Unfolded NuSTAR, XMM-Newton and Chandra spectra of different sources fitted with borus02 model when the inclination angle is left free to vary and the residuals between the data and best-fit predictions of the model. The NuSTAR data are plotted in blue, the XMM-Newton data are plotted in red and the Chandra data are plotted in green. The best-fit model prediction is plotted as cyan solid lines. The single components of the model are plotted in black with different line styles, i.e., the absorbed intrinsic continuum with solid lines, the reflection component with dashed lines, the scattered component, the mekal component and emission lines with dotted lines.
